Introduction
Surgical suture embolization is an accepted method of preoperative reduction of blood flow through brain AVMs [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, radiolucency is considered to be a major disadvantage of the sutures. Radiolucency may lead to inadvertent deposit of sutures in unwanted locations. In order to overcome this pitfall, platinum markers were incorporated in the sutures to render them radiopaque. Radiopaque sutures were tested in an animal experimental research.
Material and Methods
Five acute animal studies were performed, utilizing five swine. These studies were carried out at the University of California at Los Angeles, Leo G. Rigler research laboratory. With the swine under general anesthesia, the right or left common carotid artery was catheterized with a 6F transfemoral guiding catheter. Angiograms were performed (figure 1). A Tracker 18 microEndovascular Embolization with Radiopaque Silk Threads: a Feasibility Study in Swine G. GUGLIELMI, A. BENATI, S. PERINI ture's outer diameter (OD) with the inner diameter (ID) of the microcatheter had to be reassessed and recalculated in order to prevent any mismatch between the suture and the microcatheter. The suture-microcatheter compatibility was described in the material and methods section. The injection of sutures with an OD close to the microcatheter ID was easier. For instance, it was more difficult to inject the smaller 6-0, 7-0, and 8-0 sutures using a Tracker 18 microcatheter, which has a large ID.
The markered sutures were well visible under fluoroscopy, even when they were still inside the microcatheter. The ability to see the progression of the suture in the microcatheter allows a more delicate and slowly progressive modulated injection, thus preventing excessive pressure in the microcatheter and in the feeder to be occluded. Postembolization angiograms confirmed the occlusion of the proximal rete mirabile as well as the ascending pharyngeal artery (figure 4). It was always possible to see the sutures in the target location, when they exited from the microcatheter (figure 5).
Discussion
Endovascular embolization of brain AVMs can be performed with a variety of embolic agents. These include acrylic glue, onyx, PVA, coils, and surgical sutures. It is beyond the scope of this article to discuss the advantages and disadvantages of each agent. The focus of this study was on surgical suture embolization. Until now, one of the major disadvantages of surgical sutures embolization has been their radiolucency, with consequent possible unwanted overlapping of threads within the microcatheter, and possible deposit of sutures in unwanted locations. Other drawbacks are a too proximal vascular occlusion, and a possible development of vasculitis. Excessive pressure during injection of the sutures has also been hypothesized. The main advantage is that surgical sutures (silk, polylene) are very thrombogenic and therefore very efficacious in producing occlusion of AVM feeders. Dehdashti et Al 5 described their experience in 34 patients. They stated that the main disadvantage of silk sutures is their radiolucency. Furthermore, they observed that transient fever developed in 20% of patients with a peak incidence between five and eight days post embolization. Silk threads 2-0 to 6-0 cut into lengths of 0.5 mm to 3 cm were utilized. Post surgery histology of embolized vessels showed mild but insignificant vasculitis in two out of 23 cases. No vessel necrosis was observed. No angiographic signs of vasculitis were observed. They also established that surgery should be performed within 24-48 hours following embolization.
Deveikis et Al 6 presented their experience in six patients. They stated that "the first issue concerns the pressure of injection used to introduce the silk intravascularly. The second problem is related to the difficulty in determining the site of deposition of the suture material, with possible deposit into draining veins. The inability to see where the silk suture lodges might cause one to continue to deposit embolic material and the actual site of occlusion might not be known until complete occlusion had oc- curred, when it is too late to prevent inadvertent occlusion of draining veins or normal arteries".
Benati et Al. [1] [2] [3] [4] reported their experience in 108 cases. They utilized polylene 3-0 threads cut into 2 mm length at the beginning and then 2-3 cm in length at the end of the embolization. Morbidity/mortality rates were 7.5% and 1.8%, respectively. At six months, granulation tissue, mononuclear cells, and foreign body giant cells were detected in the embolized vessels. Necrosis of vascular channels was never found. They stated that, although non radiopaque, polylene threads are nonreabsorbable, biocompatible, and nontoxic.
Schmutz et Al. 8 reported their experience in 73 patients. No angiographic evidence of vasculitis was observed. Histologic evidence of vasculitis was either absent or mild in 92% of cases. Histologic evidence of perivascular inflammation was either absent or mild in 73% of cases. Histologic changes varied with the time interval between embolization and AVM resection. They also stated that "application of high pressure to inject might be a problem. Silk is radiolucent, with higher risk at the end of procedure when there is an increasing probability of refluxing material into more proximal vessels".
Song et Al. 9 reported their experience in 70 patients. The disadvantages of silk as an embolic agent included its radiolucency and the lack of permanency of the embolization (silk embolization should be only preoperative). Transmural inflammation or necrosis was not a histologic feature of resected specimens. The risk per procedure was 3.9% of permanent neurologic deficits, and 0.43% of death.
Our study demonstrated that sutures with markers are well visible under fluoroscopy, avoiding any "blind" procedure. Due to their visibility, it was possible to "modulate" the pressure of injection. Furthermore, any length could be utilized, by simply cutting the tail of the suture. This in vivo experimental study demonstrated that the operator can see the sutures under fluoroscopy and be alerted of any deposit into unwanted locations. With the positive results of this study (i.e. radiopacity), the indications for the usage of surgical suture embolization of brain AVMs might expand. 
